demonstrated that a precuing advantage obtained for certain pairs of finger responses in a four-choice task is a type of spatial-compatibility effect. This compatibility effect was attributed by Reeve and Proctor to translation processes that relate stimuli to responses. An advantage similar to that obtained with spatial-location stimuli also has been obtained with two-dimensional symbolic stimuli, which have no spatial-location attribute. Miller (1982a) presented evidence that the advantage obtained with symbolic stimuli is not a compatibility effect, and he argued that a translation account cannot explain this advantage (Miller, 1985) . The present study used various response sets to demonstrate that the symbolic stimulus sets do show compatibility effects similar to those shown by the spatiallocation stimuli. The results were interpreted as supporting a salient-features coding principle in which both stimuli and responses are coded in terms of the salient features of each, with the translation processes based on the relations between the stimulus and response codes.
In a now classic study, Fitts and Seeger (1953) demonstrated that the time to respond to a particular stimulus depends not only on the properties of the set of stimuli or the properties of the set of responses but also on the relation between the two. Fitts and Seeger examined nine stimulus-response ensembles, involving all possible pairings of three spatial stimulus arrangements and three spatial response arrangements, and found that responses were faster and more accurate when the spatial properties of the stimulus set matched those of the response set. These effects involving stimulus-response relations were referred to by Fitts and Seeger as stimulus-response compatibility effects.
Since this seminal study of stimulus-response compatibility, considerable research has been conducted to clarify the nature of compatibility effects. The majority of studies have continued to examine relations between spatial patterns of stimuli and responses (e.g., Duncan, 1977; Ladavas & Moscovitch, 1984) . One arrangement that has been studied extensively involves two stimulus locations (left, right) and two response locations (left, right), with each response executed by pressing a finger an the corresponding hand (e.g., Anzola, Bertolini, Buchtel, & Rizzolatti, 1977; Brebner, Shephard, & Cairney, 1972) . When target location is the relevant stimulus, responses are faster and more accurate if the left and right stimulus locations are assigned to the left and right response locations, respectively, than if the assignment is reversed (Anzola et al., 1977; Brebner, 1973; Brebner et al., 1972) . Similarly, when symbolic identity is the relevant stimulus (e.g., figural identity determines which response is appropriate) and stimulus location is irrelevant, responses are faster when the stimulus location corresponds to the location of the correct response (Simon, 1969; Simon, Hinrichs, & Craft, 1970) .
With a normal hand placement (i.e., the left response key is pressed by the left-hand finger and the right key by the right-hand finger), the two-choice procedure confounds the spatial location of the required response with the hand 623 This document is copyrighted by the American Psychological Association or one of its allied publishers.
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used to respond. Therefore, using only the normal placement, it is impossible to tell whether the crucial relation is between stimulus locations and response locations or between stimulus locations and response hands. Several studies have unconfounded response locations and hands by having subjects respond with their hands crossed, so that the left key is pressed by the right-hand finger and the right key by the left-hand finger (e.g., Simon et al., 1970; Wallace, 1971) . Consistent with the implications of Fitts and Seeger (1953) , the studies that used the crossed-hand placement have found that spatial location is the critical factor. That is, the compatibility effects remain with the spatial relations between stimulus and response locations when hands are crossed, rather than following the particular hand used (Anzola et al., 1977; Brebner, 1973; Brebner et al., 1972; KJapp, Greim, Mendicino, & Koenig, 1979; Nicoletti, Anzola, Luppino, Rizzolatti, & Umilta, 1983; Simon, et al., 1970; Wallace, 1971 Wallace, , 1972 . Because compatibility effects depend on the spatial correspondence between stimulus and response locations, the effects usually are not attributed to perceptual encoding or response programming stages of information processing, but to an intermediate stage that alternatively is labeled decision (e.g., Miller, 1982a) , response selection (e.g., Schmidt, 1982) , or stimulus-response translation (e.g., Teichner & Krebs, 1974; Welford, 1976) . The time required for stimulus-response translation operations is assumed to be less with a spatially compatible assignment than with a spatially incompatible assignment (e.g., Teichner & Krebs, 1974) . Accounts of the translation advantage for compatible assignments have tended to emphasize that both stimuli and responses are coded spatially and that response selection occurs more rapidly when the codes match (Fitts & Seeger, 1953; Nicoletti et al., 1982; Nicoletti & Umilta, 1984; Wallace, 1971 Wallace, , 1972 .
Recently, Reeve and Proctor (1984) provided evidence that a reaction-time advantage obtained for precued finger responses in a fourchoice task also is a spatial-compatibility effect. The precuing procedure used in their study was one developed by Miller (1982a, Experiment 1) in which, for some trials, a precue (stimuli in two of four possible locations) limits the potential target and response locations to the two indicated. With a normal hand placement, subjects press either the middle or index finger of the left hand (located on the two leftmost keys) or the middle and index fingers of the right hand (located on the two right-most keys). With this hand placement, precuing is beneficial (at short precuing intervals of 1 s or less) only when the two cued responses are on the same hand (Miller, 1982a; Reeve & Proctor, 1984) . As in the two-choice compatibility experiments, use of only the normal hand placement in the precuing experiments confounds the hand for responding with response locations. Therefore, a different hand placement must be used to dissociate the spatial relations from the hand distinction.
To accomplish this dissociation, Reeve and Proctor (1984) included an overlapped hand placement. For the overlapped placement, the fingers from the two hands alternated on the response keys so that the left-to-right ordering of fingers was right index, left middle, right middle, left index. Consistent with the twochoice compatibility studies, the precuing advantage followed the spatial relations, rather than the hand distinction. That is, with the overlapped placement, the precuing advantage was obtained when the two left-most or two right-most positions were precued, even though the precued fingers were on different hands. Because the left-right spatial relation was the crucial factor, Reeve and Proctor concluded that ". . . subjects can more rapidly determine the responses that are precued when the cued locations are both to the right or both to the left. These response-selection decisions are nonmotoric processes that occur prior to response preparation . . ." (p. 552). In other words, Reeve and Proctor attributed the precuing effects to stimulus-response translation operations similar to those proposed to explain basic spatial-compatibility effects (e.g., Nicoletti et al., 1982; Wallace, 1971 Wallace, , 1972 ; see also Reeve & Proctor, 1985) . Reeve and Proctor's (1984) conclusion that the precuing advantage reflects stimulus-response translation processes is counter to the conclusion of Miller (1982a) that the advantage reflects response-preparation processes. That is, Miller attributed the advantage to a characteristic of the motor system that allows more efficient preparation when the two precued responses are on the same hand than when the responses are on different hands. If the preThis document is copyrighted by the American Psychological Association or one of its allied publishers.
cuing advantage is a response-preparation effect, the advantage can be used with other stimulus sets as a criterion effect for discriminating between continuous (e.g., McClelland, 1979) and discrete (e.g., Sternberg, 1969) models of information processing. However, if it is a spatial-compatibility effect, the precuing advantage cannot be used to discriminate between continuous and discrete models (Miller, 1982a; Reeve & Proctor, 1985) . Recently, Miller (1985) challenged our translation account, arguing that the evidence is more consistent with his response-preparation account. We responded to Miller's (1985) arguments in a previous commentary (Reeve & Proctor, 1985) , demonstrating that a translation account can be applied in principle to the full set of precuing results. One argument that we addressed only cursorily in the commentary was that our translation explanation ". . . does not address the hand advantage observed with other stimulus sets (e.g., BE, BO, ME, MO-s, S, T, T)" (Miller, 1985, p. 226) . Miller (1982a) used these two-dimensional, symbolic stimulus sets, in conjunction with the response sets from the spatial precuing experiments (index and middle fingers of each hand), to discriminate between discrete and continuous models. He found that with the normal hand placement, these symbolic stimulus sets produced a reaction-time advantage when the salient stimulus features discriminated between hands. Because in the symbolicstimulus experiments the stimuli were presented at a constant location and, therefore, had no relevant or irrelevant location attribute, there does not seem to have been a basis for spatial-compatibility effects. Moreover, as Miller (1985) noted, with the symbolic stimulus sets, stimulus assignments were counterbalanced across the respective finger combinations, thus seeming to control for translation operations. That a hand advantage was obtained with the symbolic stimuli was sufficiently convincing for Rosenbaum (1983) to agree with Miller that the result provided strong evidence that the advantage has a motoric basis.
The literature on stimulus-response compatibility provides little direct evidence to indicate that compatibility effects could operate in Miller's (1982a) experiments that used symbolic stimuli. The majority of compatibility studies that have used symbolic stimuli either required vocal responses (e.g., Fitts & Switzer, 1962) , used symbolically coded keypress responses, (e.g., a red key vs. a green key; Simon, Sly, & Valpakkam, 1981) , or varied stimulus location as an irrelevant stimulus attribute (e.g., Simon, 1969) . The results from the preceding types of compatibility studies are not directly relevant because Miller's reactiontime advantage was found for situations in which stimulus location was held constant and the assignment of symbolic stimuli to response locations was varied. A relevant experiment was conducted by Fitts and Biederman (1965) that showed that certain response sets seem to produce more compatible assignments to twodimensional symbolic stimuli than do other response sets. However, the most direct evidence seems inconsistent with the compatibility account. This evidence comes from two control experiments reported by Miller (1982a Miller ( , 1982b ) that used the sSTT stimulus set, but with two response sets other than the normal hand placement. With the symbolic stimuli, the advantage appeared to follow the hand distinction, rather than the spatial relations of the response keys, thus conflicting with the results of our precuing study that used spatial-location stimuli (Reeve & Proctor, 1984) .
The present experiments had two purposes. First, they were designed to clarify the discrepancy between the results obtained by Miller (1982a Miller ( , 1982b with the symbolic stimulus sets and those obtained by us with the spatial-location stimulus set. This clarification was accomplished by using three different response sets to determine whether systematic, stimulus-response compatibility effects occur with the symbolic stimuli that are similar to those obtained with spatial-location stimuli. The second purpose was to respond to Miller's (1985) argument that our translation account cannot explain the results obtained with symbolic stimuli. This purpose was accomplished by proposing a salient-features coding principle that explains the effects obtained with symbolic stimuli in terms of stimulus-response translation processes.
Experiment 1
One of Miller's (1982a, Experiment 2) symbolic-stimulus procedures examined the use of prior, partial information for stimuli composed of two discrete letter codes. The approThis document is copyrighted by the American Psychological Association or one of its allied publishers.
priate response was indicated by the figural identity, rather than the location, of the target stimulus. The stimuli were combinations of the consonants B and M and the vowels E and O, with partial information provided by presenting one letter at a short, variable interval before the other. In the most crucial condition, letter pairs were assigned so that the consonant specified hand (the BEBOMEMO assignment). That is, BE and BO were assigned to the middle and index fingers of the left hand and ME and MO to the index and middle fingers of the right hand. With the above stimulus-response assignment, the partial information is consistent with responses on the same hand when the first letter is a consonant and with responses on different hands when the first letter is a vowel. In Miller's experiment, responses were faster when the consonant occurred first than when the vowel occurred first, thus yielding an advantage when the precued responses were on the same hand (or, alternatively, when the two left-most or two right-most response locations were precued). No similar advantage was found when the letter pairs were assigned to responses in such a manner that the vowel precued the hand (BE and ME assigned to the left hand, and BO and MO to the right hand-the BEMEBOMO assignment), but Miller regarded this failure as reflecting the manner in which the consonantvowel pairs were coded. Our initial concern was with whether the precuing advantage followed the spatial relations rather than the hand distinction. Therefore, Experiment 1 used only the BEBOME-MO stimulus-response assignment that had yielded an advantage in Miller's (1982a) Experiment 2. In addition to having some subjects respond with a hand placement similar to that used by Miller (an adjacent hand placement), other subjects responded with an overlapped hand placement in which the left-toright assignment of stimuli to responses remained the same, but the pairings to particular fingers were altered. For the overlapped placement, the partial information provided by the first letter is consistent with responses on the same hand when the letter is a vowel, but with responses on different hands when the letter is a consonant. However, the consonant still distinguishes the two left-most and two right-most responses. The finding that a consonant-first advantage occurs when hands are overlapped (and the consonant specifies responses on different hands) would indicate that the assignment of stimuli to response locations is crucial for the consonant-vowel letter pairs, as it is for spatial-location stimuli (Reeve & Proctor, 1984) .
Method
Apparatus and stimuli. Stimuli were presented on the display screen of a Radio Shack TRS-80 Model III microcomputer. Viewing distance was uncontrolled, but was approximately 50 cm. Responses were made by pressing one of the four center keys on the bottom row of the computer's keyboard (the keys V, B, N. and M) . Stimulus durations, intervals, and response latencies were timed and recorded by the computer.
The stimulus display for each trial consisted of a consonant-vowel pair formed from the letters B and M, and E and O. The consonant always occurred in the left position and the vowel in the right position, resulting in the combinations BE, BO, ME, and MO. These stimuli were assigned in a [eft-to-right order to the four response keys. The two letters were presented in adjacent locations immediately above two fixation asterisks that remained in view throughout the experiment. The separation between the centers of the asterisks and the bases of the letters was approximately 0.80°. Each letter subtended a visual angle of approximately 0.34° wide X 0.68° high, with the separation between the two letters in a pair being approximately 0.06°. Thus, the horizontal extent of the pair was approximately 0.74°. The subject's task was to indicate, by pressing the appropriate response key, which of the four letter pairs occurred. The onset of the two letters that composed each pair was successive, with both letters remaining in view until the subject responded. The interval between the presentation of the two letters (the interletter interval) also was varied, being either 125, 375,750, 1,500, or 3,000 ms. On half of the trials at each interval, the consonant preceded the vowel, whereas on the other half of the trials, the vowel preceded the consonant. Thus, for the BEBOMEMO stimulus-response assignment, when hands were adjacent, a preceding consonant specified two fingers on the same hand, whereas a preceding vowel specified two different fingers (middle and index) on different hands. When hands were overlapped, this relation was reversed. For both hand placements, the consonant discriminated the two left-most and two right-most responses.
Both first letter (vowel or consonant) and interletter interval were within-subjects variables that varied randomly within the session. The session contained 280 test trials, 7 for each combination of Letter Pair X First Letter X Interletter Interval. Four different orders were constructed with the constraint that no more than four trials of a given type occurred in each half of the list and that, for each of the four lists, each trial type occurred equally often in both halves of the list. Thirty additional trials regarded as practice were added to the beginning of each session.
Subjects and procedure. Forty students enrolled in psychology courses at Auburn University participated for extra credit. Half of the subjects were assigned to an adjacent hand condition in which they placed their hands side-by-side on the keyboard. Thus, for these subjects, the This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. left-to-right ordering of fingers to keys was left middle, left index, right index, and right middle. The other half of the subjects were assigned to an overlapped hand condition in which one hand was placed over the other, with the Angers interlaced. For these subjects, the left-to-right ordering of fingers on response keys was right index, left middle, right middle, and left index. Half of the subjects in the overlapped hand condition performed with the right hand placed over the left hand, whereas half performed with the reverse relation. Subjects were given instructions regarding the nature of the task. They also received instructions about their hand placement and the stimulus-response correspondence, with the experimenter placing each subject's hands on a keyboard diagram and describing the correct response for each stimulus. Subjects had to demonstrate that they knew the correct stimulus-response assignments before being tested. They were told to respond as fast and accurately as possible. Subjects also were informed that the two letters would not occur simultaneously and that the interval between their onsets would vary. However, they were not told explicitly to use the information provided by the first letter to prepare the remaining two possible responses.
After a subject was seated at the computer, the list of 310 trials was begun. Each subject was tested with only one of the four list orders, and the diflerent orders were used equally often in both hand placement conditions. An interval of 1 s separated the beginning of a trial from the response for the previous trial. Reaction times were recorded from the onset of the second letter in each pair, and only times from correct responses were included in the data analyses. For the present experiment, as well as for the subsequent ones, reaction times less than 200 ms or greater than 2 s (less than 1% of the responses) were excluded from the reaction-time data.
Results and Discussion
Mean reaction times and proportions of errors were obtained for each subject as a function of first letter (vowel, consonant) and interletter interval. The means of these data are shown in Table 1 , separately for subjects who performed with the adjacent and overlapped hand placements.
An analysis of variance calculated on the reaction-time data showed that responses were faster when the consonant was first (M = 722 ms) than when the vowel was first (M = 787 ms), F(l, 38) = 46.7, p < .001. In addition, subjects who performed with their hands adjacent (M = 677 ms) were faster than those whose hands were overlapped (M = 832 ms), F(l, 38) = 11.9, p < .025, and reaction times were a decreasing function of interletter interval (Ms = 810, 773, 772, 724, and 693 ms for intervals of 125, 375, 750, 1,500, and 3,000 ms, respectively), f\4, 152) = 32.1, p < .001. The only reliable interaction was that of First Letter X Interletter Interval, F(4, 152) = 2.50, p < .05, which was only marginally significant. This interaction reflects a slightly larger advantage for consonant-first pairs when the interval was short (125 ms or 375 ms; M = 88 ms) than when it was long (750, 1,500, or 3,000 ms; M = 49 ms). Most important, there were no significant interactions involving the first letter (consonant, vowel) and hand placement (adjacent, overlapped), Fs ^ 1.07, ps > .05, indicating that equivalent advantages of approximately 65 ms were obtained for both hand placements when the consonant occurred first (the consonant-first advantages for the adjacent and overlapped placements are shown in Figure 1 ). Thus, the consonant-first advantage occurred regardless of whether the consonants indicated responses on the same hand (the adjacent placement) or responses on different hands (the overlapped placement).
For the error-rate data, only the main effect of first letter was significant, F(l, 38) = 20.0, p < .001. Consistent with the reaction-time data, the proportion of errors was less when This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. the consonant was first (M = .046) than when the vowel was first (M = .074). Experiment 1 clearly shows that, with consonant-vowel letter pairs, the consonant-first advantage occurs even when the responses cued by the consonant are on different hands. Thus, rather than reflecting a characteristic of the motor system that favors responses on the same hand (Miller, 1982a) , the advantage likely reflects stimulus-response translation processes (Goodman & Kelso, 1980; Larish, 1980; Reeve & Proctor, 1984 , 1985 that are linked not to the particular responses required but to how rapidly the subject can determine the responses indicated by the advance partial information.
ADJACENT
The importance of the left-right spatial relation, rather than the hand distinction, is consistent with Reeve and Proctor's (1984) findings obtained with spatial-location precues and targets. The present experiment demonstrates that a similar spatial-compatibility effect is obtained with symbolic stimuli that have no distinguishing spatial-location attribute. The spatial-compatibility effect obtained for the consonant-vowel stimuli in Experiment 1 likely is related to the manner in which these stimuli are coded. Miller (1982a) obtained evidence that, for these letter pairs, the consonant is more salient than the vowel. With the BE-BOMEMO assignment used in the present experiment, the salient letter (the consonant) specifies the two left-most or two right-most responses, regardless of whether the hands are adjacent or overlapped, and these pairs of responses are the ones that benefit from the advance information. Therefore, when stimuli are presented in a constant location and convey no direct spatial information, subjects apparently code the stimuli to responses on the basis of the salient characteristics of each. For the present experiment, the congruence between the prominent consonant distinction and the left-right response distinction encourages coding in terms of the spatial relation.
Experiment 2
In Experiment 1, the two-dimensional symbolic stimuli were composed from pairs of letters. Another way to construct two-dimensional stimulus sets is to use only single letters that vary along some dimension in addition to letter identity. Miller (1982a) conducted experiments that used such stimulus sets, with size being the dimension that was varied along with letter identity. He established that for the stimulus set srST, the letter discrimination (S or S vs. T or T) could be made approximately 85 ms faster than the size discrimination (s or T vs. S or T). Based on this finding, Miller hypothesized that the letter identity should be available before complete identification of the stimulus. If this partial information were used to prepare responses, an advantage should result when letter identity specified responses on the same hand (e.g., the SsTT assignment), rather than responses on different hands (e.g., the SrsT assignment). The predicted reactiontime advantage for the same-hand assignment was obtained in Miller's experiments. Miller (1982a , 1982b described two control experiments intended to provide evidence against stimulus-response compatibility acThis document is copyrighted by the American Psychological Association or one of its allied publishers.
counts of the advantage for the SsrT assignment. These experiments manipulated response sets, with the logic being to dissociate the hand distinction from the spatial relations (this logic is similar to that used in the present Experiment 1 and in Reeve & Proctor's, 1984, Experiment 3) . For one of the control experiments, subjects performed with a single finger from the left hand (the index finger) and three fingers from the right hand (the index, middle, and ring fingers). With this one-left, three-right response set, the SSTT assignment did not produce the advantage that it did when the response set was two fingers from each hand, suggesting to Miller that the hand distinction, rather than the spatial relation, is important. The second control experiment was even more similar to our previous experiments in that some subjects performed with their index fingers crossed (the crossed-fingers placement), whereas others performed with an adjacent hand placement. With the crossed-fingers placement, the SrsT assignment showed an advantage, rather than the SSTT assignment. Therefore, the advantage followed the hand distinction and not the spatial assignments. This result is the opposite of the outcomes that we obtained with the BEBOMEMO stimulus set (Experiment 1 of this article) and with the spatial-location stimulus set (Reeve & Proctor, 1984, Experiment 3) .
If valid, the discrepancy between the results obtained with the srST stimulus set and those obtained with the other stimulus sets should be informative. However, Miller's (1982a Miller's ( , 1982b control experiments that used the STST stimulus set do not necessarily contradict the results obtained with the other stimulus sets. In Miller's first control experiment, the procedure intended to dissociate the hand distinction from the spatial relations actually did not. For the one-left, three-right placement used in that experiment, the left and right hands were placed at the respective ends of the keyboard, as they also were for the normal hand placement used in Miller's (1982a) Experiment 3. However, because the control experiment used only a single finger from the left hand and three fingers from the right hand, whereas Experiment 3 used two fingers from each hand, the spatial relations of the responses were altered. That is, the largest separationthe one between the two hands-was located between the left-most response and the three remaining responses for the control placement, but between the two left-most and two rightmost responses for the normal placement. Thus, the one-left, three-right control placement not only dissociated the hand distinction from the two left-most and two right-most responses, but it also altered the spatial configuration. As we have noted previously (Reeve & Proctor, 1985) , such alterations of the spatial relations can change the patterns of results obtained. Miller's (1982a Miller's ( , 1982b second control experiment, which used both a normal hand placement (an adjacent placement in this experiment) and a crossed index-finger placement, also had a problem. The problem was that the adjacent placement did not show the usual advantage when letter identity discriminated between the two hands (i.e., the SsrT assignment). Because the basic hand advantage was not obtained with the adjacent placement, the data from the crossed-finger placement cannot be interpreted easily. Also, because the crossed-finger placement differs from the overlapped hand placement used in our previous experiments, no direct comparison can be made between the experiments. Because of the problems involved in interpreting the findings of Miller's control experiments and of relating his results to our experiments, a replication and extension of Miller's (1982a) Experiment 3 was conducted using the overlapped and adjacent hand placements from our earlier experiments.
Method
Apparatus and stimuli. The apparatus was similar to that used in Experiment 1, with the exception that the Model III TRS-80 microcomputer was replaced by a Model 4, which used the Model III operating system (i.e., the only difference was that the stimuli had slightly different heights and widths). Stimulus displays consisted of single letters from the set o, O, 2, Z, centered on the display screen. The small letters of the set subtended visual angles of approximately 0.40° in height and 0.40° in width when viewed from approximately 50 cm, whereas the large letters subtended 0.63° in height and 0.40° in width. This particular letter set was chosen, rather than the set used by Miller (1982a) , because of the ability to generate the letters from the upper-and lowercase versions of the computer's standard character set. Each stimulus remained in view until the subject responded, and there was a 1-s interval between successive trials.
A control experiment, similar to one by Miller (1982a) , was conducted to verify that the letter discrimination was faster than the size discrimination. Sixteen subjects were tested in two sessions with the trial sets used for the primary This document is copyrighted by the American Psychological Association or one of its allied publishers.
experiment. Subjects in the control experiment made only a two-choice classification by pressing either the V key or the Mkey with their left or right index fingers, respectively. In one session, the required discrimination was size (o, i versus O, Z), whereas in the other session it was letter identity (o. O versus z, Z). Appropriate counterbalancing procedures were used, and the letter-identity discrimination was found to be reliably faster than the size discrimination, Ms = 392 ms and 454 ms, respectively; difference = 62 ms, F(l, 15) = 38.4, p< .001. This difference is of similar magnitude to the difference obtained by Miller with the srST letter set. For the primary experiment, subjects made four responses using the index and middle fingers of each hand. Two hand placements were employed, the adjacent and overlapped placements used in Experiment 1. For both placements, the fingers were situated on the same four adjacent response keys as in Experiment 1, and each member of the stimulus set was assigned to a distinct response. Two different types of assignments of stimuli to response keys were used. For one type (the OozZ assignment), stimuli with the same letter identity were assigned to adjacent response keys (e.g., O, o, z, and Z were assigned to the keys in a left-to-right order; the other specific assignments of this type were oOZz, zZOo, and ZzoO), For the other type (the OzoZ assignment), stimuli with the same letter identity were assigned to alternating response keys (e.g., O, z, o, Z; the other specific assignments of this type were zOZo, oZOz, and ZozO).
For both hand placements, letter identity discriminated between the two left-most and two right-most responses with the OozZ assignment, but not with the OzoZ assignment. For the adjacent hand placement, the OozZ assignment allows letter identity to discriminate between lefthand and right-hand responses, whereas the OzoZ assignment does not. For the overlapped hand placement, this relation is reversed; the OzoZ assignment allows letter identity to discriminate left-hand and right-hand responses, whereas the OozZ assignment does not.
Subjects and procedure. Sixteen students served as subjects for extra credit in undergraduate psychology courses. Each subject participated in two sessions on successive days, with all variables manipulated within subjects.
In each session, the subjects received one block of trials in which they responded with their hands adjacent and another block in which their hands were overlapped (the right hand on top for half of the subjects and the left hand on top for the others). Half of the subjects performed with the adjacent hand placement first in each session, whereas half performed with it second. Within a session, the same assignment of stimuli to response keys was used, with the assignment switched between sessions. Half of the subjects received assignments of the OozZ type in the first session and of the OzoZ type in the second session, whereas half received the assignments in the reverse order.
In other respects, the procedure was similar to that of Experiment 1. Subjects received practice with the particular stimulus-response assignment before being seated at the computer. A block of 310 trials was then presented, with the first 30 trials counted as practice. An interval of approximately 5 min was provided between the two trial blocks in each session, during which time the subject was allowed to take a break and then to familiarize himself or herself with the hand placement for the second block.
Results and Discussion
Mean reaction times and proportions of errors were obtained for each subject as a function of hand placement (adjacent vs. overlapped) and stimulus-key assignment (OozZ type, OzoZ type). These data are summarized in Figure 2 and Table 2. When hands were adjacent, subjects responded faster and more accurately with the OozZ assignment than with the OzoZ assignment, the reaction-time difference being 85 ms, F(l, 15) = 67.0, p < .001, and the error-rate difference being .029 F(l, 15) = 11.6, p < .01. Thus, unlike in Miller's (1982a Miller's ( , 1982b second control experiment, the results with the adjacent hand placement replicated those obtained This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. by Miller (1982a, Experiment 3) with his normal (separated) hand placement. As in our previous experiments, the overlapped hand placement resulted in slower responding overall than did the adjacent placement (796 ms vs. 669 ms), F(l, 15) = 41.4, p< .001. Most important, the overlapped placement showed no significant difference in reaction times or errors between the OozZ and OzoZ assignments, Fs( 1, 15) s 2.13, ps > .05, although responses tended to be faster (difference = 23 ms), but less accurate (difference = .018), with the OzoZ assignment (which, with the overlapped placement, was the assignment for which letter identity distinguished hands). Thus, the overlapped hand placement showed only a slight, nonsignificant tendency toward a reaction-time advantage when letter identity distinguished hands, rather than the large, consistent advantage obtained with the adjacent hand placement. The small reaction-time advantage for the OzoZ assignment when hands were overlapped was significantly less than the advantage for the OozZ assignment when hands were adjacent, F(\, 15) = 7.47, p < .05.
Experiment 2 confirms the implication of Miller's (I982a) control experiments that the advantage obtained for the OozZ assignment with the adjacent hand placement is not determined solely by the assignment of letter identity to the two left-most and two rightmost response locations. That is, the overlapped hand placement did not show the advantage for response combinations on different hands (i.e., for the OozZ assignment) that would be expected if such were the case. Consideration of the manner in which Experiment 2 differed from our previous experiments, which found the spatial relations to be crucial (Experiment 1 of this article and Experiment 3 of Reeve & Proctor, 1984) , suggests a basis for the discrepant results. Whereas our earlier experiments provided advance information by means of a stimulus that occurred prior to the stimulus to respond, Experiment 2 did not. The significance of this distinction is that the assignment of stimuli to response keys could be held constant in the former experiments (with a precue indicating the particular subsets of same-hand and different-hand responses), whereas the assignment had to be varied in the latter. That is, in Experiment 2, within each hand placement, the manipulation of letter identity between same-hand and differenthand responses was accomplished by altering the assignment of stimuli to response keys. The manipulation of assignment is the basic approach used in studies of stimulus-response compatibility (e.g., Fitts & Seeger, 1953) and, therefore, provides additional opportunity for translation processes to influence results.
This point can be clarified by an example. In Experiment 1, the assignment of stimuli to response keys (BEBOMEMO) was held constant. Therefore, the salient consonant distinction (Miller, 1982a) was consistent with the two left-most and two right-most responses, regardless of whether hands were adjacent or overlapped. Accordingly, with either hand placement, an advantage was obtained when the consonant preceded the vowel (see Figure 1) .
In Experiment 2, the salient letter-identity distinction also was consistent with the two left-most and two right-most responses when the OozZ assignment was used. However, because letter identity could not be presented separately from size, a direct identity-first versus size-first comparison, similar to the consonant-first versus vowel-first comparison in Experiment 1, could not be made. Rather, performance with the OozZ assignment had to be compared to performance with another assignment (the OzoZ assignment) that did not have the systematic relation between letter identity and left-right response locations. If a correspondence between letter identity and some salient response feature other than location can be used to benefit responding, the This document is copyrighted by the American Psychological Association or one of its allied publishers.
OzoZ assignment should not be more difficult than the OozZ assignment. Although in most circumstances the leftright spatial relation is used to code the set of responses (e.g., Nicoletti et al., 1982) , recent studies have shown that other features also can be used (e.g., Guiard, 1983) . Most important, Ladavas and Moscovitch (1984) have shown that a hand distinction is used in some circumstances. The pattern of results suggests that in Experiment 2 the hand distinction was used as a response-coding feature. For the adjacent placement, the OzoZ assignment does not have a systematic relation between either letter identity and hand or letter identity and response location. Therefore, responses should be slower for the OzoZ assignment than for the OozZ assignment when hands are adjacent, as was found (see Figure 2) , because only the latter assignment has a correspondence between salient stimulus and response features. For the overlapped placement, however, both assignments have a systematic relation between letter identity and a salient response feature. That is, the OozZ assignment has a correspondence between letter identity and left-right response locations, whereas the OzoZ assignment has a correspondence between letter identity and hand. Therefore, if hand can be used as a response-coding feature, reaction times should differ little between the two assignments when hands are overlapped, as was found (see Figure 2) . Support for the conclusion that translation operations can benefit from a salient response feature other than location is evident in a comparison of Figures 1 and 2 . The pattern of results for Experiment 2 (Figure 2 ) is highly similar to that for Experiment 1 (Figure 1 ) in terms of both absolute reaction times and relative benefits, with one exception. That exception occurs for the OzoZ assignment when hands are overlapped. Reaction times for this condition were approximately 80 ms faster than for the comparable condition (vowel first, overlapped placement) in Experiment 1. This deviation between the two experiments likely reflects the correspondence between the salient stimulus feature (letter identity in Experiment 2 and the consonant in Experiment 1) and hand that, when the hands are overlapped, is present for the OzoZ condition in Experiment 2, but is not present for the vowel-first condition in Experiment 1. Thus, the results suggest that translation operations benefit from a correspondence between salient stimulus features and salient response features.
Experiment 3
Previously, we presented evidence that translation processes are the primary source of the differential precuing effects obtained with spatial-location stimuli and responses (Reeve & Proctor, 1984 , 1985 . When both stimuli and responses have a location attribute, they are coded relative to the center of the respective arrangements (e.g., Nicoletti et al., 1982; Wallace, 1971 Wallace, , 1972 . Translation operations benefit when the precued responses are either the two left-most or two right-most locations. Experiment 1 of the present study showed that similar compatibility effects are found when the stimuli are symbolic and only the response set has a location attribute. Twodimensional symbolic stimuli are coded in such a manner that the translation operations benefit from a correspondence between a salient stimulus feature and the left-right feature of the response arrangement. Experiment 2 suggested that spatial location is not the only response feature that can be used, but that responses also can be coded on the basis of a distinction between the hands.
Taken together, the results of the experiments indicate an explanation for the compatibility effects in which both stimuli and responses are coded according to the salient features of each. These salient features are then used in the translation processes so that the processes benefit from a systematic relation between the features of the stimulus and response sets. Experiments 3 and 4 were designed to test implications of this salient-features coding principle.
If subjects in Experiment 2 used the consistent relation between letter identity and hand when hands were overlapped to benefit responding with the OzoZ assignment, it should be possible to demonstrate a superiority for the OozZ assignment by eliminating the hand distinction for the OzoZ assignment. Experiment 3 tested this prediction by using a singlehand placement for which all responses were made within the same hand (i.e., the four fingers on a single hand were used for responding). According to the salient-features coding principle, the OozZ assignment should show a benefit with the single-hand placement similar to that shown with the adjacent placement. This result is predicted because when all responses are made by a single hand, the letter identity corresponds with the left-right location distinction for the OozZ assignment, but not with either the location or hand distinction for the OzoZ assignment.
Method
Sixteen subjects from undergraduate psychology courses were tested. One additional subject was excluded because his overall mean reaction time exeeded 1 s. The method was similar in all respects to that of Experiment 2, with the exception that the overlapped hand placement was replaced with a single-hand placement (the four fingers, excluding the thumb, of a single hand). For the single-hand placement, half of the subjects used their left hand for responding, whereas half used their right hand.
Results and Discussion
The reaction time and error-rate data are summarized in Figure 3 and Table 2 , respectively. The adjacent placement again showed an advantage for the OozZ assignment, with the reaction times being 108 ms faster and the proportion of errors being .017 less for the OozZ assignment than for the OzoZ assignment, Fs(l, 15) > 13.3, ps < .01.
The single-hand placement yielded responses that were 44 ms slower overall than were those with the adjacent placement, F( 1, 15) = 9.18, p<.01. The most important result, however, was that with the single-hand placement, responses were 76 ms faster for the OozZ assignment than for the OzoZ assignment, f\ 1, 15) = 16.6, p < .001, with errors being nonsignificantly fewer for the OozZ assignment (difference = .006), F(\, 15) = 1.10, p > .05. Although the advantage for the OozZ assignment with the single-hand placement was 32 ms less than that obtained with the adjacent hand placement, F(\, 15) = 5.94, p < .05, its magnitude approximates the 50-70 ms advantages obtained by Miller (1982a, p. 282) . Moreover, the 76-ms OozZ advantage for the single-hand placement was of similar magnitude to the 85-ms advantage obtained for the adjacent hand placement in Experiment 2.
Experiment 3, therefore, confirms the prediction of the salient-features coding principle that the OozZ assignment would show an advantage over the OzoZ assignment when all responses were made by a single hand, although there was no difference between the two assignments for the overlapped placement used in Experiment 2. The principle attributes the relative difficulty of the OzoZ assignment with the single-hand placement to the lack of a correspondence between the salient letteridentity feature and a salient response feature.
Experiment 4
The salient-features coding principle also can be tested with the consonant-vowel stimuli This document is copyrighted by the American Psychological Association or one of its allied publishers.
used in Experiment 1. In that experiment, our primary concern was with determining whether the consonant-first advantage obtained by Miller (1982a, Experiment 2) for the BEBOMEMO assignment followed the spatial relations. We did not examine the BEME-BOMO assignment in Experiment 1 because no similar precuing advantage was obtained for it by Miller with a normal hand placement. However, the BEMEBOMO assignment has interesting implications for the salient-features coding principle. First, the BEMEBOMO assignment should yield a consonant-first advantage when the hands are overlapped because the salient consonant distinction is related systematically to the hand for responding (i.e., with the overlapped placement, the B is assigned to right-hand responses and the M to left-hand responses with the BEMEBOMO assignment). Second, the BEMEBOMO assignment provides an additional test of the findings from Experiment 2, using a different stimulus set that has a different salient feature. In Experiment 2, the OzoZ assignment produced slower responses than did the OozZ assignment when the hands were adjacent, but slightly faster responses when the hands were overlapped. As indicated previously, this pattern of results is consistent with the salient-features coding principle. Relative to the BEBOMEMO assignment used in Experiment 1, the BEME-BOMO assignment produces an alteration of stimulus-response pairings similar to the difference between the OozZ and OzoZ assignments in Experiment 2. Therefore, the BE-MEBOMO assignment should produce a pattern of results similar to that produced by the OzoZ assignment, to which it is comparable. That is, the overall difference in reaction times between the adjacent and overlapped placements should be relatively small.
Method
Forty subjects from the same subject pool as Experiments 1-3 were tested. Twenty subjects performed with the adjacent hand placement and 20 performed with the overlapped hand placement. One additional subject tested with the overlapped placement was excluded because his overall mean reaction time exceeded 1 s. The method of Experiment 4 was equivalent to that of Experiment 1, with the exception that the left-to-right assignment of stimuli to response keys was BE, ME, BO, and AfO. With the BE-MEBOMO assignment, the salient consonant feature distinguishes between the hands for responding when the hands are overlapped, but does not distinguish either hands or left-right response locations when the hands are adjacent.
Results and Discussion
The mean reaction times and proportions of errors are shown in Table 3 . As in Experiment 1, reaction times were a decreasing function of preparation interval, F(4, 152) = 34.3, p < .001. Unlike Experiment 1, however, responses were not significantly faster with the adjacent hand placement (M = 765 ms) than with the overlapped placement (M = 797 ms), F < 1.0. Responses were 40 ms faster when the consonant preceded the vowel than vice versa, F( 1, 38) = 30.4, p < .001, and this effect of first letter did not interact significantly with hand placement, F\\, 38) = 1.77, p > .10. Thus, the consonant-first advantage was obtained both when hands were overlapped (50 ms),/^!, 19) = 28.7,p< .001,and when hands were adjacent (31 ms), F(\, 19) = 7.43, p < .025 (see Figure 4) . Although neither first letter nor hand placement interacted with preparation interval, .Fs(4, 152) < 1.70, ps > .10, the three-way interaction of these variables showed a nonsignificant trend, F(4, 152) = 2.36, p = .056. This trend reflects the fact that the functions for the consonant-first and vowel-first conditions tended to converge more at long intervals for the adjacent placement than for the overlapped placement.
For the error data, only the main effect of preparation interval was significant, F(4, 152) = 2.48, p < .05. This effect is attributable to a decrease in the proportion of errors with increasing preparation interval similar to that shown for the reaction-time data, with the exception of an upturn in errors at the 3,000-ms interval (see Table 3 ).
Three results of Experiment 4 are of particular importance. First, in contrast to our previous experiments that used the overlapped placement (Experiments 1 and 2 of the present article; Experiment 3 of Reeve & Proctor, 1984) , responses were not reliably faster with the adjacent placement. For example, whereas the responses were 155 ms faster for the adjacent placement than for the overlapped placement with the BEBOMEMO assignment in Experiment 1, they were only a nonsignificant 32 ms faster with the BEMEBOMO asThis document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. signment. The smaller difference between the two hand placements with the BEMEBOMO assignment is predicted by the salient-features coding principle because, when hands are adjacent, the salient consonant feature of the stimuli does not correspond to a salient response feature. However, when hands are overlapped, the consonant feature distinguishes between the hands. Thus, the faster responding indicated in our previous experiments for the adjacent placement relative to the overlapped placement is offset by the incompatibility of the BEMEBOMO assignment for the adjacent placement.
Comparisons between Experiments 1 and 4 indicate that the specific reaction-time patterns for the respective hand placements also conform to the predictions of the salient-features coding principle. The adjacent placement has a systematic relation between the salient stimulus feature (the consonant) and a salient response feature (left-right hands and/or response locations) with the BEBOMEMO assignment (Experiment 1), but not with the BEMEBOMO assignment (Experiment 4). Therefore, reaction times for the adjacent hand placement should be slower with the latter assignment. In fact, responses were 88 ms slower for the adjacent placement when the stimulus- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
feature with either the BEBOMEMO assignment or the BEMEBOMO assignment (with response locations for the former and hands for the latter), reaction times for this placement should differ little between the two assignments. Moreover, because Experiment 2 showed slightly faster responding when the salient stimulus feature was paired with the hand distinction, rather than with response locations, reaction times might be expected to be slightly faster with the BEMEBOMO assignment. The predicted pattern was again evident, with responses being nonsignificantly faster (35 ms) for the BEMEBOMO assignment (M = 797 ms) than for the BEBOMEMO assignment (M = 832 ms) when the hands were overlapped. Therefore, the patterns of results obtained for the BEMEBOMO assignment relative to the BEBOMEMO assignment are precisely those obtained for the OzoZ assignment relative to the OozZ assignment in Experiment 2. Thus, the crucial nature of the correspondence between salient stimulus features and salient response features is evident for the consonant feature in consonant-vowel pairs, as well as for the letter-identity feature in letters of different sizes.
The second important outcome of Experiment 4 is that a consonant-first advantage was obtained for the BEMEBOMO assignment when hands were overlapped. This advantage of 50 ms did not differ reliably from the similar consonant-first advantage of 66 ms that was obtained with the BEBOMEMO assignment in Experiment 1 when hands were overlapped (F < 1.0). The similar magnitude of the consonant-first advantage for the two assignments is consistent with the assumption of the salientfeatures coding principle that responses can be coded in terms of either a hand distinction or a left-right location distinction.
The third important outcome of Experiment 4 was the finding of a consonant-first advantage for the BEMEBOMO assignment with the adjacent hand placement. This finding is inconsistent with the results of Miller's (1982a) Experiment 2, which did not show such an advantage when the BEMEBOMO assignment was used with a similar, normal hand placement. However, our adjacent hand placement differed from that used by Miller in one possibly important respect. In the present experiment, subjects placed their hands on immediately adjacent keys in the center of the bottom row of the keyboard, whereas in Miller's experiment, the hands were placed at the respective ends of the row. Because the amount of spatial separation between hands influences the results obtained when spatial-location stimuli are used (Miller, 1985; Reeve & Proctor, 1985) , the different patterns of results obtained in Miller's (1982a) Experiment 3 and our Experiment 4 could be a function of the specific placements used. To evaluate this possibility, 20 additional subjects were tested with the BEMEBOMO assignment using the separated hand placement employed by Miller. Data from the separated placement are shown in Table 3 . The most striking characteristic of the results is the similarity to the results obtained with the adjacent placement. The separated placement showed a consonant-first advantage (32 ms) of an equivalent magnitude to that obtained with the adjacent placement (31 ms), and no terms involving placement were significant when the adjacent and separated placements were analyzed together. Therefore, the failure to replicate the null effect reported by Miller (1982a) for the BEME-BOMO assignment is not due to our use of an adjacent placement rather than a separated placement. Because there are no other major procedural differences between our experiments and Miller's experiment and because the consonant-first advantage obtained by us with the adjacent placement in Experiment 4 was replicated with the separated placement, Miller's failure to find an advantage was likely a Type II error.
That a consonant-first advantage is obtained for the BEMEBOMO assignment with the adjacent and separated hand placements is problematical for response-preparation accounts of the advantage (Miller, 1982a; Miller, 1985) . Because, in this situation, the consonant is assigned to different hands, the consonant-first advantage contradicts Miller's (1982a) original interpretation that the advantage reflects an ability to prepare only same-hand responses. Additionally, the result argues against Miller's (1985) modified response-preparation account, in which response preparation is assumed also to use spatial coding, because the consonant does not distinguish the two leftmost and two right-most responses, either. More generally, the consonant-first advantage This document is copyrighted by the American Psychological Association or one of its allied publishers.
obtained with the adjacent and separated hand placements in Experiment 4 apparently does not reflect prespecification of any responseprogramming parameter (e.g., Rosenbaum, 1983) because the two responses precued by the consonant do not share either the same hand, the same left-right locations, or the same finger (index, middle). The consonant-first advantage obtained for the adjacent and separated hand placements with the BEMEBOMO assignment seems more consistent with the salient-features coding principle than would be the complete lack of an effect. Although the BEMEBOMO assignment did not have a correspondence between the salient consonant feature and a salient response feature, the salient stimuluscoding feature was presented first when the consonant preceded the vowel. Regardless of the mapping of the stimuli to responses, precuing a salient coding feature of the stimulus set should benefit response determination. However, the consonant-first advantage should be less when the consonant feature does not correspond to a salient response feature than when it does, as when the BEBOMEMO assignment is used with the adjacent placement (Experiment 1). In support of this prediction, the consonant-first advantage obtained for the BEMEBOMO assignment with the adjacent and separated hand placements (31 ms) was significantly less than that obtained for the BEBOMEMO assignment with the adjacent placement (64 ms), F(\, 57) = 5.06, p < .03. Therefore, the precuing effects, as well as the overall assignment effects, are consistent with the salient-features coding principle.
General Discussion
The present experiments demonstrate that stimulus-response compatibility effects occur when symbolic stimuli, composed from two dimensions, are assigned to spatially distinct, discrete finger responses. Two categories of compatibility effects were demonstrated. First, set-assignment effects occurred as a function of the manner in which the stimulus set was assigned to the response set (Experiment 1 vs. 4 and Experiments 2 and 3). These set-assignment effects are similar to those shown in the numerous stimulus-response compatibility studies that have used spatial stimuli assigned to finger responses (e.g., Anzola et al., 1977; Simon et al., 1970) . Second, within a given assignment, certain responses (or response pairs) can be determined more rapidly than others when advance, partial stimulus information is provided (Experiments 1 and 4) . These within-assignment effects are similar to those demonstrated by Reeve and Proctor (1984) for spatial-location stimuli. Therefore, stimulus-response translation processes, which were implicated in the precuing effects obtained for spatial-location stimuli (Reeve & Proctor, 1984 , 1985 , also are implicated for symbolic stimuli.
With spatial-location stimuli, the dominant coding used in the translation processes involves the spatial locations of the stimuli and responses. Spatial position for both seems to be coded relative to the center of the arrangements (i.e., according to left or right of center), so that the determination of the signaled response is faster when the spatial relations correspond than when they do not (e.g., Nicoletti et al., 1982; Wallace, 1971 Wallace, , 1972 . With the four-position display and response arrangements used by Miller (1982a, Experiment 1) and Reeve and Proctor (1984) , the left-right coding results in more efficient precuing when the two cued responses are both to the left or both to the right of center.
The present study indicates that spatial coding of responses to stimuli also occurs when the stimuli are symbolic. For stimuli composed from two distinct dimensions, responding is benefited when the salient dimension is paired with the left-right spatial distinction. This outcome was obtained both for the salient consonant feature of consonant-vowel pairs (Experiment 1) and for the salient letter-identity feature of stimuli composed from letter and size features (Experiments 2 and 3). Interestingly, the present study demonstrates that the translation processes also can benefit from a consistent relation between the salient stimulus characteristic and the hand for responding. Hand coding was demonstrated in the relatively good performance that occurred wth overlapped hands for assignments that had the hand correspondence, but not the spatial-location correspondence (i.e, the OzoZ assignment in Experiment 2 and the BEMEBOMO assignment in Experiment 4). The importance of hand coding also was indicated by the poor This document is copyrighted by the American Psychological Association or one of its allied publishers.
performance for the OzoZ assignment when the hand correspondence was removed (i.e, with the single-hand placement in Experiment 3).
The present experiments support a salientfeatures coding principle for the translation processes. According to this principle, the translation operations utilize the salient features of the stimuli and responses, with performance being best when there is a systematic correspondence between the salient stimulus features and the salient response features. Assignments of the target stimulus set that have a correspondence result in more efficient processing than those that do not (Experiments 1 vs. 4 and Experiments 2 and 3). When overt precues are used (Experiment 1 and 4 of the present study; Experiments 1-3 of Reeve & Proctor, 1984) , precues that have this correspondence are more beneficial than ones that do not. With compatibly assigned stimulus and response locations, spatial coding seems to dominate (Reeve & Proctor, 1984) . However, with symbolic stimuli, hand coding of responses also is evident. Miller (1982a) assumed that the same-hand advantage obtained with spatial-location stimuli, when hands are placed in a normal position, is a response-preparation effect. He then used the advantage as a criterion effect for symbolic stimulus sets to evaluate whether partial stimulus information activates responses. Miller found that the same-hand advantage occurred when the salient feature of two-dimensional stimuli was paired with responses on the same hand, leading him to conclude that partial information does activate responses. The evidence from the present study, which shows that the advantage obtained with symbolic stimuli is a compatibility effect, argues that Miller's conclusion regarding partial information is invalid. That is, because the translation processes that underlie the compatibility effect occur prior to response preparation (e.g., Schmidt, 1982; Welford, 1976) , the presence or absence of the advantage is not germane to the issue of whether responses are prepared on the basis of partial stimulus information.
The reader may wonder whether the symbolic-stimulus experiments still are relevant to the continuous/discrete issue (i.e., the partial information issue). In other words, can the results of the present study be interpreted as indicating that partial information from stimulus encoding operations is used in the translation processes? As noted by Miller(1982a, pp. 284-285) , the answer is no. Whereas discrete stage models could not explain the presence of the same-hand advantage, were it a responsepreparation effect, such models have no difficulty explaining the advantage if it is a compatibility effect (as the evidence indicates). In fact, the salient-features coding principle that is supported by the present experiments does not require that the salient stimulus feature be available for use in the translation processes prior to complete stimulus identification. The principle requires only the assumption that the tests performed to determine the correct response utilize any obvious consistencies that are present in the stimulus-response assignment.
In summary, the experiments reported in this article demonstrate stimulus-response compatibility effects for two-dimensional, symbolic stimuli similar to those obtained for spatial-location stimuli. Therefore, a translation account can be applied to the results obtained with symbolic stimuli, as well as to those obtained with spatial-location stimuli. The fundamental principle that underlies the effects obtained with both types of stimuli is that responding benefits from a correspondence between salient features of the stimulus and response sets.
